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METHODS FOR PRODUCING THE SAME

(57) A passive valve (200) for a fuel injector (10) is
disclosed. It comprises a valve body (210) having a fluid
outlet opening (2103), a sealing element (220) and a
spring element (230). The passive valve (200) further
comprises an elongated connection member (240) bridg-
ing an axial gap (202) between a second axial end (2302)
of the spring element (230) and the sealing element
(220). The spring element (230) is a tension spring and
is preloaded by expansion so that it exerts a spring force
on the connection member (240). The connection mem-
ber (240) transfers the spring force to the sealing element
(220). A fuel injector (10) and methods for producing the
passive valve (200) and the fuel injector (10) are also
disclosed.
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Description
TECHNICAL FIELD

[0001] The present disclosure relates to a passive
valve for a fuel injector and to a method for producing
the passive valve. Further, the present disclosure relates
to an active valve for a fuel injector. It also relates to a
fuel injector with the passive valve and/or with the active
valve and to a method for producing the fuel injector. The
fuel injector is in particular a gas injector for an internal
combustion engine, preferably for direct injection into a
combustion chamber of the engine.

BACKGROUND

[0002] Using gases like hydrogen or methane as fuel
for vehicles can be advantageous for environmental and
legislative reasons. These gases can be produced out
of renewable energies such as wind or solar power in a
process known as power to gas. For example, hydrogen
can be produced from electrolysis, and methane can be
produced by means of a synthesis of hydrogen and CO,.
These gases are then carbon neutral and can contribute
to a reduction of the emission of greenhouse gases.
Methane and hydrogen are also flexible and can be used
in household applications, industry, or in internal com-
bustion engines.

[0003] When internal combustion engines are operat-
ed with gas such as methane or hydrogen, they are able
to operate in an Otto cycle. This allows for very low par-
ticulate and NO, emissions when compared to the same
engine operating with gasoline.

[0004] Utilizing a gas direct injection system has an
additional fuel consumption benefit, compared to a port
injection system, due to a better volumetric efficiency.
There is also the possibility of additional combustion
strategies in combination with camshaft phasing, de-
throttling, and injection phasing to achieve higher fuel
efficiencies.

[0005] EP 2788 614 B1 discloses an injector which is
suitable for injecting gas directly into the combustion en-
gine of an internal combustion engine. The injector has
a valve assembly arrangement comprising a valve as-
sembly of the inward opening type and a valve assembly
of the outward opening type. The valve assembly of the
outward opening type is axially arranged adjacent and
fixedly coupled to the valve assembly of the inward open-
ing type in such fashion that the valve assembly of the
inward opening type is operable to inject fluid into the
valve assembly of the outward opening type for increas-
ing a fluid pressure in the valve assembly of the outward
opening type to open the valve assembly of the outward
opening type to enable dispensing of the fluid from the
valve assembly arrangement.

[0006] Itis an object of the subject disclosure to specify
a passive valve for an injector which enables a particu-
larly large flow rate through the passive valve. It is a fur-
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ther object of the subject disclosure to provide a method
for producing a passive valve which enables a particularly
easy and/or precise adjustment of the flow rate. It is a
further object of the present disclosure to specify an im-
proved fuel injector.

[0007] These objects are achieved by a passive valve,
a fuel injector and a method having the features of the
independent claims. Advantageous embodiments and
developments of the passive valve, the fuel injector and
the method are specified in the dependent claims, in the
following description and in the drawings.

SUMMARY AND EMBODIMENTS

[0008] According to one aspect of the present disclo-
sure, a passive valve for a fuel injector is specified. Ac-
cording to another aspect of the present disclosure, an
active valve for a fuel injector is specified. According to
ayet another aspect, a fuel injector with the passive valve
is specified. The fuel injector may additionally comprise
the active valve. Itis also conceivable that the fuel injector
only comprises the active valve. The fuel injector is in
particular configured for injecting gaseous fuels. In one
embodiment, the gaseous fuel is selected from the group
consisting of compressed natural gas, methane and hy-
drogen. According to further aspects, a method for pro-
ducing the passive valve and a method for producing the
fuel injector are specified.

[0009] The passive valve comprises a valve body. The
valve body extends along a longitudinal axis from a fluid
inlet end to a fluid outlet end. The valve body has a fluid
outlet opening at the fluid outlet end and a cavity which
hydraulically couples the fluid inlet end to the fluid outlet
end. That the cavity hydraulically couples the fluid inlet
end to the fluid outlet end means in particular that it fluidly
connects the fluid inlet end to the fluid outlet end so that
the fuel, in particular the gaseous fuel, may expediently
be able to flow and be led through the cavity from the
fluid inlet end to the fluid outlet end.

[0010] Further, the passive valve comprises a sealing
element which seals the fluid outlet opening in a closing
position and is axially displaceable away from the closing
position for unsealing the fluid outlet opening. Expedient-
ly, the passive valve may be an outward opening valve.
In this case, the sealing element is displaceable in axial
direction from the fluid inlet end towards the fluid outlet
end for unsealing the fluid outlet opening.

[0011] In one embodiment, the valve body has a cir-
cumferential sidewall comprising a seat surface which
defines the fluid outlet opening and the sealing element
has a sealing surface which is in sealing contact with the
seat surface when the sealing element is in the closing
position. The sealing surface preferably has a slanted or
curved cross-section. For example the sealing surface
is a conical or spherical surface.

[0012] Additionally, the passive valve comprises a
spring element. In one embodiment, the spring element
is a coil spring.
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[0013] The spring element has a first axial end which
is fixedly coupled to the valve body. For example, the
first axial end is in form-fit and/or force-fit connection with
the valve body. Expediently, the first axial end of the
spring element is positionally fix with respect to the valve
bodyinthis way. A second axial end of the spring element
is axially moveable relative to the valve body, in particular
inside the cavity.

[0014] The passive valve further comprises an elon-
gated connection member which is fixed to the sealing
member. Expediently, the connection member may be
elongated in axial direction. Preferably, the connection
member is separate from the sealing member. That the
connection member separate from the sealing member
means particular the sealing member the connection
member are separately manufactured parts and are only
fixed to one another during assembly of the passive
valve.

[0015] In one embodiment, the connection member is
rigid at least with respect to axial forces occurring during
operation of the passive valve. To put it differently, the
connection member is preferably configured such that
dimensional changes of the connection member in axial
direction during operation of the passive valve, in partic-
ular during one injection event, are negligible for the func-
tion of the valve.

[0016] The spring elementand the sealing elementare
separated by an axial gap. This means in particular that
there is no axial overlap of the spring element with the
sealing element. To put it differently, any element of the
passive valve which is in one piece with the sealing ele-
ment is spaced apart in axial direction from the spring
element; for the sake of clarity, this does not include the
connection member which is a part that is separately
manufactured from the sealing element.

[0017] The connection member bridges the axial gap
between the second axial end of the spring element and
the sealing element and mechanically coupling the sec-
ond axial end of the spring element to the sealing ele-
ment. In one embodiment, a first axial end of the connec-
tion member is fixed to the second axial end of the spring
element or merges with the second axial end of the spring
element. Additionally or alternatively, a second axial end
of the connection member may preferably be fixed to the
sealing element.

[0018] The spring element is a tension spring. It is
preloaded by expansion. In this way, it exerts a spring
force on the connection member. In particular, it pulls the
first axial end of the connection member which is remote
from the sealing element in axial direction towards the
fluid inlet end. The connection member transfers the
spring force to the sealing element for biasing the sealing
element in axial direction towards the closing position. In
particular, the connection member is rigid or at least ca-
pable of transferring tractive forces in axial direction to-
wards the fluid inlet end.

[0019] With advantage, a particular large hydraulic di-
ameter of the passive valve is achievable by means of
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the tension spring and the connection member. A valve
stem which occupies a large volume and to which sealing
elements may be connected in conventional valves is
advantageously obsolete in the passive valve according
to the present disclosure.

[0020] The sealing element may preferably represent
the entire valve needle, i.e. the valve needle in particular
consists of the sealing element. For example, the axial
extension of the valve needle is at most twice as large
as its extension in radial direction, in particular it is at
most as large as its extension in radial direction. The
extension in radial direction is preferably the maximum
diameter of the sealing element. In this way, a particularly
advantageous opening and/or closing behavior of the
passive valve is achievable due to the small inertia of the
valve needle which is represented only by the sealing
element.

[0021] In one embodiment, the sealing element com-
prises a sealing portion. In one development, it addition-
ally comprises a guide portion upstream of the sealing
portion. The sealing portion may expediently comprise
the sealing surface of the sealing element. The sealing
surface preferably extends in radial outward direction
from the guide portion; for example, itis a conical surface.
[0022] In one development, the guide portion has a
plurality of circumferentially distributed guiding surfaces
which are in sliding contact with an internal surface of
the valve body which defines the cavity and which are
separated in circumferential direction by a plurality of flow
channels extending along the guide portion in axial di-
rection to the sealing portion. The guide portion prefera-
bly has a plurality of radially extending webs which define
the flow channels and have radially outward facing ends,
each radially outward facing end comprising a respective
one of the guiding surfaces. In this way, a particularly
large hydraulic diameter for the fluid flow along the seal-
ing element is achievable.

[0023] In an expedient embodiment, the connection
member is spaced apart from the valve body in radial
direction by a radial gap at least in the region of the axial
gap between the spring element and the sealing element.
The radial gap preferably extends completely circumfer-
entially around the connection member. The radial gap
may expediently be void, i.e. not occupied by other ele-
ments of the passive valve, and represents a fluid chan-
nel for fluid flowing through the passive valve from the
fluid inlet end to the fluid outlet end.

[0024] Preferably, a minimum width of the radial gap
is at least as large as a maximum dimension of the con-
nection member in radial direction in the region of the
axial gap. To put it differently, the portion of the connec-
tion member which axially overlaps the axial gap between
the spring element and the sealing element has a max-
imum lateral extension which at most as large as a min-
imum radial distance of said portion of the connection
member from the surface of the cavity. In this way, a
particular large hydraulic diameter is available for the fluid
flowing through the passive valve.
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[0025] In one embodiment, the spring element and the
connection member are integrally formed as a one-
pieced part, in particular from one piece of spring wire.
In this way, the spring element and the connection mem-
ber are easily and cost efficiently manufacturable. A par-
ticularly small volume of the spring element and the con-
nection member is achievable in this way so that a par-
ticularly large volume of the cavity can remain avoid and
is available for the fluid flow. The expression "integrally
formed as a one-pieced part" means in the present con-
text that the spring element and the connection member
are not assembled from a plurality of parts which are
connected to one another during the manufacturing proc-
ess of the passive valve. Rather, the spring element and
the connection member, together, are a single workpiece
or made from a single workpiece.

[0026] In one embodiment, the second axial end of the
connection member is fixed to the sealing member by
means of a crimped connection and/or a welded connec-
tionand/orabrazed connection. In afurtherembodiment,
the sealing element has an axial opening into which or
through which the connection member extends and in
particular projects on a side of the sealing element facing
away from the fluid inlet end. The axial opening is a
through hole, e.g. a cylindrical through hole, in one de-
velopment. Expediently, the axial opening of the sealing
element is fluid-tightly sealed by the second axial end of
the connection member and the crimped, welded and/or
brazed connection.

[0027] With advantage, a crimped, welded or a brazed
connection is particularly easily producible with the con-
nection member extending into or through the opening
of the sealing element. The position of the second end
of the connection member relative to the sealing element
is particularly easily adjustable during manufacturing the
passive valve. When the second axial end of the connec-
tion member extends through the opening and in partic-
ular projects from the opening on the side of the sealing
element facing away from the fluid inlet end, the crimped,
welded or brazed connection can be easily manufactured
at the exterior of the passive valve.

[0028] In an alternative embodiment, the sealing ele-
ment has a constriction and the second axial end of the
connection member engages the constriction for estab-
lishing a form-fit and/or force-fit connection with the seal-
ing element in order to fix the second axial end of the
connection member to the sealing element. Forexample,
the second axial end of the connection member has one
or more windings which is/are located in the region of the
constriction, in particular being wound around the con-
nection member in the region of the constriction.

[0029] Inoneembodiment,the cavity has aconstriction
separating an upper portion of the cavity, adjacent to the
fluid inlet end, from a lower portion of the cavity, adjacent
to the fluid outlet end. In particular, the cross-section of
the upper portion and the cross-section of the lower por-
tion of the cavity each are larger than the cross-section
of the constriction. For example, the upper portion, the
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constriction and the lower portion are cylindrical sections
of the cavity, with the cylindrical portion representing the
constriction having the smallest diameter.

[0030] In an expedient development, the external sur-
face of the valve body of the passive valve has a circum-
ferential recess which axially overlaps the constriction of
the cavity. The circumferential recess is in particular con-
figured for accommodating a combustion seal. In this
way, the passive valve is, for example, configured for
being sealingly received in a receptacle bore of a cylinder
head of an internal combustion engine.

[0031] In one development, the sealing element - i.e.
in particular the entire valve needle - is received in the
lower portion of the cavity, the spring element is received
in the upper portion of the cavity and at least a portion of
the elongated connection member is arranged inside the
constriction. In this way, a particularly large cross-sec-
tional area is available for the fluid flow from the upper
portion to the lower portion in the region of the constric-
tion.

[0032] Inone embodiment, the spring element has first
and second portions. The second portion has a smaller
lateral extension than the first portion. For example, the
first and second portions have windings of different di-
ameter. In particular, the first and second portions are
sections of a coil spring which is made from one piece
of spring wire. Preferably, the first portion comprises the
first axial end of the spring element. In an advantageous
development, it bears on a front surface of the valve body
at the fluid inlet end for fixedly coupling the first axial end
of the spring element to the valve body. In particular, the
first portion of the spring element is in form fitengagement
with the front surface. The second portion is arranged
subsequent to the first portion in direction towards the
fluid outlet end and received in the cavity.

[0033] Inone embodiment, the fuel injector comprises
an active valve in addition to the passive valve. The active
valve preferably comprises an electromagnetic, piezoe-
lectric or magnetostrictive actuator assembly for operat-
ing a valve assembly of the active valve.

[0034] The valve assembly of the active valve is in par-
ticular an inward opening valve assembly, i.e. a valve
member of the active valve which is sealing an outflow
opening of the active valve is axially displaceable with
respect to a longitudinal axis of the active valve in direc-
tion towards a fluid inlet end of the active valve for un-
sealing the outflow opening of the active valve.

[0035] In an expedient embodiment, the active valve
is positioned upstream of the passive valve and operable
toinjectfuelinto the cavity ofthe valve body of the passive
valve. In particular, the active valve and the passive valve
are adapted to one another such that the sealing element
of the passive valve is displaced away from the closing
position against the bias of the spring element by the
hydraulic or - in case of a gaseous fuel - the pneumatic
force of the fuel injected into the cavity of the valve body
of the passive valve by the active valve, in particular
through the outflow opening of the active valve. The pas-
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sive valve according to the present disclosure is partic-
ularly well controllable by the active valve of the fuel in-
jector.

[0036] In one embodiment, the active valve - in partic-
ular the valve assembly of the active valve - has a further
valve body. The valve body of the active valve comprises
an outflow end. The valve body of the passive valve and
the valve body of the active valve may expediently be
separate pieces. In an expedient embodiment, the valve
body of the passive valve is shifted into the outflow end
of the valve body of the active valve.

[0037] Inoneembodiment, the outflow end of the valve
body of the active valve has a radially extending surface
and the first portion of the spring element is in contact
with said radially extending surface on its side facing
away from the front surface of the valve body of the pas-
sive valve. To put it differently, the first portion of the
spring element is preferably in form fit connection with
the valve body of the active valve and with the valve body
of the passive valve, respectively, at its opposite axial
ends. In this way, the first axial end of the spring element
can be easily, reliably and reproducibly fixed with respect
to the valve body of the passive valve during assembly
of the fuel injector, in particular when the valve bodies of
the active and the passive valves are fixed to one another.
[0038] According to one embodiment, the method for
producing the passive valve comprises the following
steps:

- expanding the spring element to a preloaded state
in which the spring force of the spring element has
a value which deviates less than a predefined target
value from a predefined value and holding the spring
element in the preloaded state, and

- fixing the connection member to the sealing element
while the spring element is in the preloaded state.

[0039] Inthisway, the spring element can be calibrated
particularly easily and/or precisely. With advantage, cal-
ibration of the spring elementis possible during assembly
of the passive valve. In this way, tolerances - such as
dimensional tolerances of the sealing element, the valve
body and/or the spring element can advantageously be
taken into account for calibration of the spring element.
[0040] According to one embodiment, expanding the
spring element to a preloaded state in which the spring
force of the spring element has a value which deviates
less than a predefined target value from a predefined
value comprises expanding the spring by a predefined
amount, measuring the spring force of the spring element
while the spring element is expanded by the predefined
amount, comparing the measured value of the spring
force with the predefined value, and changing the expan-
sion of the spring element if the deviation of the measured
spring force from the predefined value is larger than the
target value. Preferably, the method comprises iterating
these steps until the deviation of the measured spring
force from the predefined value is smaller than the pre-
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defined target value.

[0041] In one embodiment of the method, the connec-
tion member is shifted through the axial opening of the
sealing element before the spring element is expanded
to the preloaded state and expanding the spring element
to the preloaded state in particular comprises grasping
the connection member with a tool, preferably on the side
of the sealing element facing away from the fuel inlet end,
and pulling the connection member with the tool for ex-
panding the spring element.

[0042] According to one embodiment, the method for
producing the fuel injector comprises the method for pro-
ducing the passive valve and a method step according
to which the first axial end of the spring element is fixed
to the valve body of the passive valve. In one develop-
ment, fixing the first axial end of the spring element to
the valve body of the passive valve comprises bringing
the first axial end of the spring element in form fit con-
nection with a front surface of the valve body of the pas-
sive valve and in form fit connection with a radially ex-
tending surface of the outflow end of the valve body of
the active valve. For example, this is achieved by posi-
tioning the first axial end of the spring element between
said front surface and said radially extending surface and
shifting the fluid inlet end of the valve body of the passive
valve into the fluid outlet end of the valve body of the
active valve.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] Further advantages, advantageous embodi-
ments and developments of the passive valve, the fuel
injector and the method will become apparent from the
exemplary embodiments which are described below in
association with schematic figures.

[0044] In the figures:

Figure 1 shows a longitudinal section view of a fuel
injector according to a first exemplary embodiment,

Figure 2A shows a longitudinal section view of a pas-
sive valve of the fuel injector according to the first
embodiment in a closed configuration,

Figure 2B shows a longitudinal view of the passive
valve of the fuel injector according to the first em-
bodiment in a fully open configuration,

Figure 3A shows a side view of a spring element, a
connection member and a sealing element of the
passive valve of the fuel injector according to the first
embodiment,

Figure 3B shows a perspective view of the spring
element, the connection member and the sealing el-
ement of the passive valve of the fuel injector ac-
cording to the first embodiment,
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Figure 4A shows a side view of a poppet stop of the
passive valve of the fuel injector according to the first
embodiment,

Figures 4B and 4C show different perspective views
of the poppet stop of the passive valve of the fuel
injector according to the first embodiment,

Figure 5 shows a longitudinal section view of a pas-
sive valve according to a second exemplary embod-
iment,

Figure 6 shows the spring element, the connection
member and the sealing element of the passive valve
according to the second embodiment in a perspec-
tive view,

Figure 7A shows a longitudinal section view of a pas-
sive valve according to a third exemplary embodi-
ment in a closed configuration,

Figure 7B shows a longitudinal section view of the
passive valve according to the third exemplary em-
bodiment in a fully open configuration,

Figure 8A shows a side view of the spring element,
the connection member and the sealing element of
the passive valve according to the third exemplary
embodiment, and

Figure 8B shows a perspective views of the spring
element, the connection member and the sealing el-
ement of the passive valve according to a third ex-
emplary embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0045] In the exemplary embodiments and figures,
similar, identical or similarly acting elements are provided
with the same reference symbols. In some figures, indi-
vidual reference symbols may be omitted to improve the
clarity of the figures.

[0046] FIG. 1 shows a longitudinal section view of a
fuel injector 10 according to a first exemplary embodi-
ment. The fuel injector 10 is configured for injecting gas-
eous fuels such as compressed natural gas directly into
a combustion chamber (not shown in the figures) of an
internal combustion engine (not shown in the figures).
[0047] The fuelinjector 10 extends along a longitudinal
axis L from an inlet 11 to an outlet 12. The inlet 11 is
configured to be connected to a fuel supply line of a high
pressure gas phase fuel supply (not shown in the figures).
The outlet 12 is configured to be arranged in the com-
bustion chamber.

[0048] Gas phase fuel enters the inlet 11 under pres-
sure, and flows into an interior portion of an inlet tube 21
of the fuel injector 10. An 0-ring 22 and a backup ring 23
are located in an 0-ring groove 24 of inlet tube 21 and
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provide the seal between the injector 10 and the fuel sup-
ply line to which the inlet tube 21 is hydraulically - i.e.
fluidly - and mechanically connectable with the aid of the
O-ring 22. The inlet tube 21 is therefore sometimes also
denoted as an "O-ring adapter". A filter element 20 is
positioned inside the inlet tube 21. The fuel is transferred
through the filter element 24 before entering into the ac-
tive valve 100.

[0049] The injector 10 includes an active valve 100
downstream of the inlet tube 21. The active valve 100 is
also denoted as a "metering valve subassembly" herein.
The injector 10 further includes a passive valve 200,
downstream of the active valve 100. The passive valve
200 is also denoted as an "isolation valve subassembly"
herein.

[0050] The active valve 100 is configured to be con-
trolled by an electronic control unit for selective enabling
and prohibiting gas phase fuel flow through the active
valve 100. The active valve 100 comprises an electro-
magnetic actuator assembly, comprising a coil 140, a
magnetic return 141 sometimes also denoted as a mag-
netic yoke, a flux washer 142, a stator 132 sometimes
also denoted as a pole piece, and an armature 133. A
magnetic air gap 143 is established between the stator
132 and the armature 133 in a closed configuration of
the active valve 100. The actuator assembly performs
power functions, e.g. converting electrical current, ap-
plied to electrical connector 15 by the electronic control
unit, to a magnetic driving force for electrical permitting
gas phase fuel flow through the injector 10.

[0051] The active valve 100 has a valve body compris-
ing an upper portion 145 and a lower portion 146. The
upper portion 145 of the valve body of the active valve
100 is also denoted herein as an "upper housing" and
the lower portion of the valve body of the active valve
100 is also denoted herein as a "lower housing".

[0052] An upstream end of the upper portion 145 is
shifted into and fixed to a downstream end of the inlet
tube 21 for fixing the active valve 100 to the inlet tube
21. An end section of the upper portion 145 which is re-
mote from the inlet tube 21 is fixedly connected to the
lower portion 146.

[0053] A plug shaped seat element 147 is formed in-
tegrally with the lower portion 146 of the valve body of
the active valve 100. The seat element 147 is arranged
inside the upperportion 145 of the valve body of the active
valve 100. The plug shaped seat element 547 closes the
downstream end of the upper portion 145, apart from a
plurality of radial flow channels 144 which lead into a
blind hole in the seat element 147. The blind hole extends
axially inside the seat element 147 and opens into the
cavity of the lower portion 146 of the valve body of the
active valve 100. The radial flow channels 144 are also
denoted as a "lower housing transvers flow path geom-
etry" herein.

[0054] The armature 133 has a recess in which the
seatelement 147 is received. A central bore 138 extends
axially through the armature 133 to the recess from a top



11 EP 3 339 620 A1 12

surface of the armature 153 which faces towards the sta-
tor 132. Transverse flow channels 134 branch off from
the axial flow channel and extends radially to an external
circumferential surface of the armature 133. The external
circumferential surface of the armature 153 and the upper
portion 145 of the valve body of the active valve 100 are
shaped to provide axial flow channels 135 along the re-
cess of the armature 153 between the armature 153 and
the upper portion 145. The axial flow channels 135 in
particular represent a non-annular flow geometry. In this
way, the central bore 138 communicates with the arma-
ture transverse flow geometry 134 that defines a flow
path to non-annular flow geometry 135 along the outside
of the armature 133 and inside the upper housing 145.
The axial flow channels 135 may be separated in circum-
ferential direction by guiding surfaces of the armature
133. The guiding surfaces of the armature 133 may be
in sliding mechanical contact with the upper portion 145
ofthe valve body of the active valve 100 fox axially guiding
the armature 133.

[0055] The surface of the recess of the armature 133
defines moveable sealing surfaces of the active valve
100. The movable sealing surfaces are in particular ax-
ially displaceable relative to the plug shaped seat ele-
ment 147. They are operable to engage in sealing contact
with corresponding seat surfaces of the seat element 147
in a closing position of the armature 133. The armature
133is displaceable away from the closing position, driven
by the magnetic force generated by the actuator assem-
bly, in axial direction towards the stator 132 for moving
the sealing surfaces out of contact with the seat surfaces.
In the present embodiment, the seat surfaces comprise
an upper internal O-ring 136 and a lower internal O-ring
137. In the present embodiment, the seat element 147
has a first seat surface comprising the upper internal O-
ring 136 and the second seat surface comprising the low-
erinternal O-ring 137. The seat surfaces may comprises
inclined surfaces of the seat element 147, said inclined
surfaces be inclined with respect to the longitudinal axis
L, e.g. they are conical or spherical surfaces. They may
comprise recesses for accommodating portions of the
upper and lower internal O-rings 136, 137. The radial
flow channels 144 of the seat element are positioned
axially between the first and second seat surfaces and,
thus, between the upper internal O-ring 136 and the lower
internal O-ring 137.

[0056] While the moveable sealing surfaces engage
an upper internal 0-ring 136 and a lower internal 0-ring
137 which, in the present embodiment, are located in
suitable 0-ring geometry of the seat element 147 to stop
the flow of gas phase fuel, the 0-rings 136, 137 may be
located in suitable 0- ring geometry of the armature 133
and move coincident with the armature and engage on
seat surfaces - in particular metallic seat surfaces - on
the seat element 147, or one 0-ring may be located in
suitable 0-ring geometry on the armature 133 and anoth-
er may be located in a suitable 0-ring geometry of the
seat element 147. The upper internal 0-ring 36 and lower
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internal 0-ring 37 have a round (circular) cross-section
inthe present embodiment, but any other shape of cross-
section is also conceivable. Each internal 0-rings could
be replaced by a plurality of O-rings and/or by a bonded
elastomeric seal or vulcanization.

[0057] The active valve 100 comprises a metering
valve spring 131 which is seated against the armature
133 and against a calibration tube 130 at its opposite
axial ends. The calibration tube 130 is engaged on an
interior surface of the stator 132 and fixed in place by
friction forces after an initial positioning axial movement
during the calibration of metering spring force for the in-
jector 10 at manufacturing. The flow path through the
active valve 100 includes the calibration tube 130, the
interior of the stator 132 and the inter-coil space of the
metering valve spring 131.

[0058] The metering valve spring 131 is preloaded so
that it provides the return force to close the active valve
100. In this way, the metering valve spring 131 biases
the armature 133 in contact with the seat surfaces of the
seat element 147 - i.e. the upper and lower internal O-
rings 136, 137 in the present embodiment - when the
actuator assembly is de-energized so that the sealing
surfaces are in sealing contact with the seat surfaces and
prevent gas flow through the radial flow channels 144 of
the seat element 147 from the upper portion 145 to the
lower portion 146 of the valve of the active valve 100.
[0059] The moveable sealing surfaces move with the
armature 133 when the electromagnetic coil 140 coaxi-
ally located external to the valve body has electric current
passing through the coil conductor to generate a mag-
netic force to cause the movement of the armature 133
toward the stator 132, reducing the air gap 143 distance
on the stator end of the armature 133. In this way, an
annular gap is opened between the lower internal 0-ring
137 and the lower sealing surface of the armature 133,
enabling gas flow from axial flow channels 135 outside
of the armature into the gap and further into the recess
of the armature 133 to the radial flow channels 144 of
the seat element 147.

[0060] Simultaneous to the gap opening between the
lower sealing surface of the armature 133 and the lower
internal 0-ring 137, a further annular gap is opened be-
tween the upper sealing surface of the armature 133 -
located at the bottom of its recess - and the upper internal
0-ring 136. The further annular gap defines a flow path
for the gas phase fuel to flow from the central bore 138
into the further annular gap into the recess and to the
radial flow channels 144 of the seat element 147. Advan-
tageously, gas flows to the radial flow channels 144 from
both axial sides so that a high flow rate of the active valve
100 is achievable.

[0061] The active valve 100 and other parts of the in-
jector 10 described above in connection with the present
embodiment, such as the inlet tube 21 and the filter 20,
are also useful for other embodiments of the fuel injector
10. In particular, they are also suitable for a fuel injector
10 which does not have a passive valve 200 but injects
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gas phase fuel into an intake manifold of the engine. In
this case, the outflow end 1462 of the lower housing may
be positioned in the intake manifold.

[0062] Inthe presentembodiment, however, the active
valve 100 is arranged upstream of the passive valve 200
so that the passive valve 200 isolates the active valve
100 from the combustion gas environment in the com-
bustion chamber.

[0063] Figures 2A and 2B show the passive valve 200
in more detail in corresponding longitudinal section
views. The longitudinal section view of figure 2A shows
the passive valve 200 in a closed configuration and the
longitudinal section view of figure 2B shows the passive
valve 200 in a fully open configuration.

[0064] The passive valve 200 has a valve body 210, a
sealing element 220, a spring element 230, and a con-
nection member 240. The sealing element 220, the
spring element 230 and the connection member 240 are
shown in a side view in figure 3A and in a perspective
view in figure 3B. In figures 3A and 3B, the sealing ele-
ment 220 is shown spaced apart from the connection
member 240 of the spring element 230, for example be-
fore fixing the sealing element 220 to the connection
member 240 in a method for producing the passive valve
200.

[0065] The valve body 210 of the passive valve 200
extends from a fluid inlet end 2101 to a fluid outlet end
2102. The valve body 210 has a cavity 2105 which hy-
draulically -i.e. fluidly - couples the fluid inlet end 2101
to the fluid outlet end 2102. The cavity has an upper por-
tion 2107 adjacent to the fluid inlet end 2101, a lower
portion 2109 adjacent to the fluid outlet end 2102 and a
constriction 2108 between the upper portion 2107 and
the lower portion 2109. In the region of the constriction
2108, the valve body 210 has a groove in its external
circumferential surface to accept a combustion seal (not
shown in the figures) for providing a seal between the
injector 10 and the cylinder head of the internal combus-
tion engine.

[0066] It is also conceivable for this and other embod-
iments of the passive valve 200 that the cavity 2105 has
no constriction 2108. For example, it has the same cross-
sectional area at all positions from the fluid inlet end 2101
to the fluid outlet end 2102. In this way, a particularly
large flow rate is achievable. In particular when the cavity
2105 does not have the constriction 2018, it may be ad-
vantageous for the mechanical stability of the valve body
210 that it does not have a groove in its external surface
for receiving the combustion seal. In this case, the com-
bustion seal may for example be vulcanized onto the ex-
ternal surface of the valve body 210. In this way, a reliable
positioning of the combustion seal is achievable without
a groove in the external surface of the valve body 210.
[0067] Atthe fluid outlet end 2102, the valve body 210
of the passive valve 200 has a fluid outlet opening 2103.
The fluid outlet opening 2103 is sealed by the sealing
element 220 when the sealing element 220 is in a closing
position. The sealing element 220 is received in the lower

10

15

20

25

30

35

40

45

50

55

portion 2109 of the cavity 2105. The sealing element 220
may project from the fluid outlet opening 2103 in axial
direction away from the fluid inlet end 2101. In axial di-
rection towards the fluid inlet end 2101, it preferably does
not project beyond the lower portion 2109 of the cavity
2105.

[0068] The sealing element 220 is axially displaceable
along the longitudinal axis L of the passive valve 200 in
direction from the fluid inlet end 2101 towards the fluid
outlet end 2102 for unsealing the fluid outlet opening
2103 and, thus, enabling gas flow through the fluid outlet
opening 2103 out of the passive valve 200. For the sake
of clarity, the longitudinal axis L of the passive valve 200
coincides with the longitudinal axis L of the active valve
100 and of the fuelinjector 10 in the presentembodiment.
[0069] The sealing element 220 can also be denoted
as a poppet. The passive valve 200 is, thus, an outward
opening poppet valve.

[0070] In the present embodiment, the maximum dis-
placability of the sealing element 220 away from the clos-
ing position is limited by an optional poppet stop 250.
The poppet stop 250 is shaped as a cup which is shifted
over the fluid outlet end 2101 of the valve body 210 of
the passive valve 200 in the present embodiment. The
poppet stop 250 includes openings that define an outlet
12 for the gas phase fuel to exit the injector 10 and enter
the combustion chamber of the internal combustion en-
gine.

[0071] The sealing element 220 is configured and ar-
ranged such that it may travel to but is limited in further
travel by an interior surface of the poppet stop 250. The
maximum distance the sealing element 220 may travel
to the poppet stop 250 may be selected at manufacture
and additionally this selection may determine the maxi-
mum mass flow rate of the injector 10. The poppet stop
250 may additionally be operable to limit off-axis dis-
placement (transverse translation or freedom of move-
ment) of sealing element 220.

[0072] The spring element 230 is a coil spring which
has a first portion 2303 comprising a first axial end 2301
of the spring element 230 and a second portion 2305
comprising a second axial end 2302 of the spring element
230. The first portion 2303 has a first lateral extension
D1 which is larger than the lateral extension D2 of the
second portion 2305. The lateral extensions D1, D2 are
in particular the external diameters of the windings of the
coilsinthe first portion 2303 and the second portion 2305,
respectively.

[0073] The first portion 2303 bears on the front surface
2104 of the valve body 200 and at the fluid inlet and 2101
so that the first portion 2303 is in form fit engagement
with the front surface 2104 and blocks axial movement
of the first axial end 2301 of the spring element 230 in
direction towards the fluid outlet end 2102. The second
portion 2305 is arranged subsequent to the first portion
2303 in direction towards the fluid outlet end 2102 and
is received in the upper portion 2107 of the cavity 2105
such that the second axial end 2302 of the spring element
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230 is axially movable relative to the valve body 210.
[0074] During assembly of the fuel injector 10, the
valve body 210 of the passive valve 200 with the first
portion 2303 of the spring element 213 bearing on the
front surface 2104 is shifted into the lower portion 146 of
the valve body of the active valve 100. The lower portion
146 of the valve body of the active valve 100 comprises
a radially extending surface 1463 adjacent to the outflow
end 1462 of the active valve 100. The valve body 210 of
the passive valve 200 is shifted into the lower portion 146
of the valve body of the active valve 100 until the first
portion 2303 of the spring element 230 is in contact with
said radially extending surface 1463 on its side facing
away from the front surface 2104 of the valve body 210
of the passive valve 200. It is also conceivable that the
spring element 230 is inserted into the lower portion 146
of the valve body of the active valve 100 and the valve
body 210 of the passive valve 200 is subsequently in-
serted into the lower portion 146 until the first portion
2303 of the spring element 230 is in form fit connection
with both, the radially extending surface 1463 of the lower
portion 146 of the valve body of the active valve 100 and
with the front surface 2104 of the valve body 210 of the
passive valve 200.

[0075] A portion of the spring wire from which the coil
spring - representing the spring element 230 in the
present embodiment - is made extends straight and co-
axially to the longitudinal axis L from the second axial
end 2302 of the spring element 230 through the constric-
tion 2108 of the cavity 2105 of the valve body 210 into
the lower portion 2109 of the cavity 2105. A free end of
the straight portion of the spring wire extends through an
axial opening 2203 of the sealing element 220.

[0076] The axial opening 2203 of the sealing element
220 is a central, cylindrical through hole in this embodi-
ment. The free end of the straight portion of the spring
wire projects from the through hole on a side of the sealing
element 220 facing away from the fluid inlet end 2101
into a conical recess of the sealing element 220 at the
side of the sealing element 220 facing away from the fluid
inlet portion 2101.

[0077] The free end of the straight portion of the spring
wire is fixed to the sealing element 220 by a crimped
connection, the crimped connection in particular being
arranged in the region of the through hole. Alternatively
or additionally, the free end of the straight portion of the
spring wire may be fixed to the sealing element 220 by
means of a welded and/or brazed connection. The weld-
ed and/or brazed connection may, for example, be es-
tablished in the region of the conical recess.

[0078] Inthis way, the straight portion of the spring wire
represents a connection member 240 which is separate
from and fixed to the sealing element 220. The transition
from the windings of the second portion 2305 of the spring
element 230 to the straight portion of the spring wire de-
fines the second axial end 2302 of the spring element
230 and a first axial end 2401 of the connection member
240. Thus, the connection member 240 merges with the
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second portion 2305 of the spring element 230 at its first
axial end 2401. A second axial end 2402 of the connec-
tion member 240 is represented by the free end of the
straight portion of the spring wire and is fixed to the seal-
ing element 220. Thus, the connection member 240
bridges the axial gap 202 between the second axial end
2302 of spring element 230 and the sealing element 220.
By means of the straight portion of the spring wire which
represents the connection member 240, the sealing el-
ement 220 is mechanically coupled to the second axial
end 2302 of the spring element 230.

[0079] Intheregionofthe axial gap 202, the connection
member 240 is spaced apart from the valve body 210 by
a radial gap 204 which extends completely circumferen-
tially around the connection member 240. A minimum
width W of the radial gap 204 is at least as large as a
maximum dimension D of the connection member 240
in radial direction in the region of the axial gap 202 be-
tween the spring element 230 and the sealing element
220. For example, the radial gap 204 has a size of at
least 2 mm, the maximum radial dimension D of the con-
nection member 240 in the region of the axial gap 202
being 1.5 mm or less. In one embodiment, in the region
of the axial gap 202, the valve body 210 has an outer
diameter of 6 mm and a wall thickness of 1 mm while the
maximum radial dimension D has a value of 1 mm, re-
sulting in a radial gap 204 width W of 3 mm.

[0080] The spring element 230 and the connection
member 240 are dimensioned such that the spring ele-
ment 230 is preloaded by expansion - i.e. the spring el-
ement 230 acts as a tension spring - so that it exerts a
spring force on the connection member 240, pulling the
connection member 240 in axial direction towards the
fluid inlet end 2101. The connection member 240 trans-
fers the spring force to the sealing element 220. In this
way, the preloaded spring element 230 acts on the seal-
ing element 220 via the connection member 240 and bi-
ases the sealing element 220 in axial direction towards
the closing position. Since the spring wire is stressed
along its elongation direction in the region where it rep-
resents the connection member 240 and is stressed in
direction transverse to its direction of elongation in the
region of the spring element 230, the dimensional change
of the spring wire in the region where it represents the
connection member 240 is negligible and the connection
member 240 can be regarded as rigid for the function of
the passive valve 200.

[0081] In one embodiment of a method for producing
the passive valve 200, the free end of the straight portion
of the spring wire which represents the connection mem-
ber 240 is shifted through the through hole representing
the axial opening 2203. Subsequently, it is grasped with
a tool (not shown in the figures), e.g. in the region of the
conical recess, and pulled in axial direction away from
the fluid inlet end 2101 to expand the spring element 230
to a preloaded state. The preloaded state may be pre-
defined such that the spring force of the spring element
230 has a predefined value or at least deviates from the



17 EP 3 339 620 A1 18

predefined value by less than a predefined target value.
The tool may comprise a sensor and a processing unit
to measure the spring force of the spring element 230. It
may be operable to vary the expansion of the spring el-
ement 230 until the measured spring force deviates from
the predefined value by less than the predefined target
value.

[0082] For fixing the connection member 240 to the
sealing element 220, the tool expediently fixes the posi-
tion of the second end 2402 of the connection member
240 relative to the sealing element 220 and to the valve
body 210 to hold the spring element 230 in the preloaded
state. While the tool holds the spring element 230 in the
preloaded state, the second axial end 2402 of the con-
nection member 240 is fixed to the sealing element 220.
In the present embodiment, the free end of the spring
wire is for example crimped to the sealing element 220
in the axial opening 2203. Alternatively, the spring wire
can also be spot-welded to the sealing element 220, for
example.

[0083] Atfter this fixation - or pre-fixation - the tool can
be removed and the sealing element 220 retains the
spring element 230 in the preloaded state due to the in-
teraction via the connection member 240. Subsequently
to crimping or spot-welding the connection member 240
to the sealing element 220, a brazed connection can be
produced between the connection member 240 and the
sealing element 220. In this way, a particularly gas-tight
sealing of the axial opening 2203 of the sealing element
220 is achievable.

[0084] The fluid inlet end 2101 of the valve body 210
of the passive valve 200 is shifted into the lower portion
146 of the valve body of the active valve 100 as described
in further detail above so that the valve bodies 145, 146
and 210 are hydraulically/fluidly coupled and the active
valve 100 is operable to inject fuel into the upper portion
2107 of the cavity 2105 of the valve body 210 of the pas-
sive valve 200. The passive valve 200 opens and closes
in reaction to the pressure change in the cavity 2105
brought about by the gas phase fuel injected into the
cavity 2105 by the active valve 100 as a consequence
ofinterrupting and enabling flow through the seat element
147.

[0085] When the armature 133 is displaced away from
its closing position, gas phase fuel flows into the radial
flow channels 144 of the seat element 147 of the active
valve 100 which communicate with a central bore of the
lower housing 146 that defines a flow path communicat-
ing with the cavity 2105 of the valve body 210 of the
passive valve 200. The gas phase fuel in the cavity 2105
impresses pressure force on the sealing element 220.
The pressure force on the sealing element 220, once it
overcomes the bias force of the spring element 230,
causes the sealing element 220 to move axially out of its
closing position, away from a seat surface at the fluid
outlet opening 2103 of the valve body 210 of the passive
valve 200. This enables gas phase fuel to flow between
the sealing element 220 and the fluid outlet end 2102 of
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the valve body 210 of the passive valve 200 into the pop-
pet stop 250 from where it leaves the fuel injector 10
through the openings of the poppet stop 250.

[0086] Figure 5 shows a passive valve 200 for a fuel
injector 10 according to a second exemplary embodiment
in a longitudinal section view. Figure 6 shows the sub-
assembly consisting of spring element 230, connection
member 240 and sealing element 220 of the passive
valve 200 according to the second embodiment in a per-
spective view. The passive valve 200 according to the
second embodiment may replace the passive valve 200
in the fuel injector 10 according to the first embodiment.
It may or may not have a poppet stop 250 as described
in the connection with the first embodiment.

[0087] The passive valve 200 according to the second
embodiment corresponds in general to that according to
the first embodiment. However, the sealing element 220
of the passive valve 200 according to the second em-
bodiment comprises a guide portion 224 upstream of a
sealing portion 222.

[0088] The sealing portion 222 is in the basic shape of
a truncated cone. The guide portion 224 is represented
by three webs on a top surface of the truncated cone-
shaped sealing portion 220. The webs extend from a
common central portion which comprises the axial open-
ing 2203 - or atleast an upper portion of the axial opening
2203 - in radial outward direction. The radially outward
facing end faces of the webs constitute guiding surfaces
2243 which are in sliding mechanical contact with the
internal surface 2106 of the valve body 210 for axially
guiding the sealing element 220 with respect to the valve
body 210 of the passive valve 200. The internal surface
2106 defines the cavity 2105 of the valve body 210. In
circumferential direction, the webs are evenly spaced in
the present embodiment so as to define flow channels
2245 of the guiding portion 224 along which the gas
phase fuel can flow axially along the guiding portion 220
of the sealing element 220 to the sealing portion 222.
[0089] It is also conceivable that the guiding portion
224 has another number of webs, e.g. four webs. Further,
it is conceivable that the webs are unevenly spaced in
circumferential direction to promote an asymmetric dis-
tribution of the gas flow through the fluid outlet opening
2103.

[0090] Figures 7A and 7B, 8A and 8B show a passive
valve 200 according to a third exemplary embodiment.
Figures 7A and 7B show the passive valve 200 in longi-
tudinal section views in a closed and in a fully open con-
figuration, corresponding to the views of Fig. 2A and 2B.
The sealing element 220, the spring element 230 and
the connection member 240 of the passive valve 200 are
shown in a side view in figure 8A and in a perspective
view in figure 8B, corresponding to the views of figures
3A and 3B. As in figures 3A and 3B, the sealing element
220 is shown separately from the connection member
240 of the spring element 230, for example before fixing
the sealing element 220 to the connection member 240
in a method for producing the passive valve 200.
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[0091] The passive valve 200 according to the third
embodiment corresponds in general to that according to
the first embodiment. However, its sealing element 220
is completely solid, without an axial opening 2203 as in
the first and second embodiments.

[0092] Rather, the sealing element 220 has a mush-
room-shaped upper portion upstream of the sealing por-
tion 222. In other words, the upper portion of the sealing
element 220 has a constriction 2204 which defines a cir-
cumferential recess.

[0093] The portion of the spring wire which represents
the connection member 240 has a straight upper portion
arranged in the constriction 2108 of the cavity 2105 of
the valve body 210. The straight upper portion merges,
at its first axial end 2401, with the spring element 230 as
described in the first embodiment.

[0094] In contrast to the previous embodiments, how-
ever, the second axial end 2401 of the connection mem-
ber 240 is not straight and does not project from a surface
of the sealing element 220 on the side of the sealing
element 220 remote from the fluid inlet end 2101. Rather
the spring wire is bent to form two windings 2403 which
are arranged in the recess which is defined by the con-
striction 2204 of the upper portion of the sealing element
220. In this way, the windings 2403 of the connection
member 240 are in form-fit and/or force-fit connection
with the upper portion of the sealing element 220 to fix
the connection member 240 to the sealing element 220.
In the present embodiment, the second axial end 2402
of the connection member 240 is arranged upstream of
the sealing portion 222 of the sealing element 220.
[0095] The invention is not limited to specific embodi-
ments by the description on basis of these exemplary
embodiments. Rather, it comprises any combination of
elements of different embodiments. Moreover, the inven-
tion comprises any combination of claims and any com-
bination of features disclosed by the claims.

Claims
1. Passive valve (200) for a fuel injector (10) comprising

- a valve body (210) extending along a longitu-
dinal axis (L) from a fluid inlet end (2101) to a
fluid outletend (2102), having a fluid outlet open-
ing (2103) at the fluid outlet end (2102) and hav-
ing a cavity (2105) which hydraulically couples
the fluid inlet (2101) end to the fluid outlet end
(2102),

- a sealing element (220) which seals the fluid
outlet opening (2103) in a closing position and
is axially displaceable away from the closing po-
sition for unsealing the fluid outlet opening
(2103), and

- a spring element (230) having a first axial end
(2301) which is fixedly coupled to the valve body
(210) and a second axial end (2302) which is
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axially moveable relative to the valve body (210)
wherein

- the passive valve (200) further comprises an
elongated connection member (240), separate
from and fixed to the sealing element (220), the
connection member (240) bridging an axial gap
(202) between the second axial end (2302) of
the spring element (230) and the sealing ele-
ment (220) and mechanically coupling the sec-
ond axial end (2302) of the spring element (230)
to the sealing element (220) and

- the spring element (230) is a tension spring
and is preloaded by expansion so that it exerts
a spring force on the connection member (240)
and

- the connection member (240) transfers the
spring force to the sealing element (220) for bi-
asing the sealing element (220) in axial direction
towards the closing position.

Passive valve (200) according to the preceding
claim, wherein, in the region of the axial gap (202)
between the spring element (230) and the sealing
element (220), the connection member (240) is
spaced apart from the valve body (210) by a radial
gap (204) which extends completely circumferential-
ly around the connection member (240), a minimum
width (W) of the radial gap (204) being at least as
large as a maximum dimension (D) of the connection
member (240) in radial direction in the region of the
axial gap (202) between the spring element (230)
and the sealing element (220).

Passive valve (200) according to one of the preced-
ing claims, wherein the spring element (230) and the
connection member (240) are integrally formed as a
one-pieced part, in particular from one piece of
spring wire.

Passive valve (200) according to one of the preced-
ing claims, wherein the sealing element (220) has
an axial opening (2203) through which the connec-
tion member (240) extends and in particular projects
on a side of the sealing element (220) facing away
from the fluid inlet end (2101).

Passive valve (200) according to one of the preced-
ing claims, wherein a first axial end (2401) of the
connection member (240) is fixed to the second axial
end (2302) of the spring element (230) or merges
with the second axial end (2302) of the spring ele-
ment (280) and a second axial end (2402) of the
connection member 240) is fixed to the sealing ele-
ment (220) and the second axial end (2402) of the
connection member (240 is fixed to the sealing ele-
ment (220) by means of a crimped connection, a
welded connection and/or a brazed connection.
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Passive valve (200) according to one of claims 1 to
3, wherein the sealing element (220) has a constric-
tion (2204) and the second axial end (2402) of the
connection member (240) engages the constriction
(2204) for establishing a form-fit and/or force-fit con-
nection with the sealing element (220) and the sec-
ond axial end (2402) of the connection member (240)
has at least one winding (2403) which is located in
the region of the constriction (2204).

Passive valve (200) according to one of the preced-
ing claims, wherein the sealing element (220) com-
prises a sealing portion (222) and a guide portion
(224) upstream of the sealing portion (222), the guide
portion (224) having a plurality of circumferentially
distributed guiding surfaces (224 3) which are sliding
contact with an internal surface (2106) of the valve
body (210) which defines the cavity (2105) and which
are separated in circumferential direction by a plu-
rality of flow channels (2245) extending along the
guide portion (224) in axial direction to the sealing
portion (222).

Passive valve (200) according to one of the preced-
ing claims, wherein the cavity (2105) has a constric-
tion (2108) separating an upper portion 2107 of the
cavity (2105), adjacent to the fluid inlet end (2101),
from a lower portion (2109) of the cavity (2105), ad-
jacent to the fluid outlet end (2102, wherein the seal-
ing element (220) is received in the lower portion
(2109) of the cavity (2105), the spring element (230)
is received in the upper portion (2107) of the cavity
(2105) and at least a portion of the elongated con-
nection member (240) is arranged inside the con-
striction (2108).

Passive valve (200) according to one of the preced-
ing claims, wherein the spring element (230) is a coil
spring.

Passive valve (200) according to one of the preced-
ing claims, wherein

- the spring element (230) has first (2303) and
second portions (2305) the second portion
(2305) having a smaller lateral extension (D2)
than the first portion (2303),

- the first portion (2303) comprising the first axial
end (2301) of the spring element (230) and bear-
ing on a front surface (2104) of the valve body
(210) at the fluid inlet end (2101) for fixedly cou-
pling the first axial end (2301) of the spring ele-
ment (230) to the valve body (210),

- the second portion (2305) is arranged subse-
quent to the first portion (2303) in direction to-
wards the fluid outlet end (2102) and received
in the cavity (2105).
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1.

12.

13.

14.

15.

22

Fuel injector (10), in particular for injecting gaseous
fuels, comprising a passive valve (200) according to
one of the preceding claims and an active valve
(100), wherein the active valve (100) is positioned
upstream of the passive valve (200) and operable to
inject fuel into the cavity (2105) of the valve body
210 of the passive valve (200) so that the sealing
element (220) is displaced away from the closing
position against the bias of the spring element (230)
by the hydraulic or pneumatic force of the fuel inject-
ed into the cavity (2105) by the active valve (100).

Fuel injector (10) according to claims 10 and 11,
wherein the active valve (100) has a further valve
body (145, 146) comprising a radially extending sur-
face (1463) adjacent to an outflow end (1462), and
the first portion (2303) of the spring element (230) is
in contact with said radially extending surface (1463)
on its side facing away from the front surface (2104)
of the valve body (210) of the passive valve (200).

Fuel injector (10) according to the preceding claim,
wherein the valve body (210) of the passive valve
(200) is shifted into the outflow end (1462) of the
further valve body (145, 146).

Method for producing a passive valve (200) accord-
ing to one of claims 1 to 10 comprising the following
steps:

- expanding the spring element (230) to a
preloaded state in which the spring force of the
spring element (230) has a value which deviates
less than a predefined target value from a pre-
defined value and holding the spring element
(230) in the preloaded state, and

- fixing the connection member (240) to the seal-
ing element (220) while the spring element (230)
is in the preloaded state.

Method according to the preceding claim for produc-
ing a passive valve (200) according to claim 4 or to
one of claims 5 and 7 to 10 in direct or indirect de-
pendence on claim 4, wherein the connection mem-
ber (240) is shifted through the axial opening (2103)
of the sealing element (220) before the spring ele-
ment (230) is expanded to the preloaded state and
expanding the spring element (230) to the preloaded
statein particular comprises grasping the connection
member (240) with a tool on the side of the sealing
element (220) facing away from the fuel inlet end
(2101) and pulling the connection member (240) with
the tool for expanding the spring element (230).
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